Original Article granuloma formation was small. Gelatinous formation and granuloma formation were observed in the HTLV-1 carrier. Necrosis was observed in all cases. In previous reports, granuloma formation, epithelioid cells, and necrotic lesions were observed in most cases. Most of the patients were also immunosuppressed. However, no HTLV-1 carrier was detected. In conclusion, lymphadenopathy in a HTLV-1 carrier may suggest the presence of cryptococcal lymphadenitis. The frequency of cryptococcosis in HTVL-1 carriers may increase with increase in the long-term survival rate of HTLV-1 carriers.
INTRODUCTION
Cryptococcal infection is widely known as an invasive fungal infection in immunocompromised patients. In particular, Cryptococcus neoformans can lead to a fatal fungal infection in patients with acquired immunodeficiency syndrome (AIDS) despite antifungal therapies. 1 Most patients with cryptococcosis and AIDS reportedly have a CD4positive (CD4+) T lymphocyte count <100 cells/mL in peripheral blood. 1 Although cryptococcal infection involves multiple organs, cryptococcosis manifesting as lymphadenitis only is very rare. 2 Only a few cases have been reported, and most of these patients were infected with human immunodeficiency virus (HIV) or had an immunocompromised status. [3] [4] [5] [6] [7] [8] [9] The histological characteristics of C. neoformans infection include gelatinous and granulomatous findings. 10 In addition, lesions in the early phase are more gelatinous, with numerous organisms. The inflammatory reactions to cryptococcosis have been thought to be weak in AIDS patients, resulting in poor granuloma formation. 11 This phenomenon has been explained by the decreased counts of CD4+ T lymphocytes. 12 Although the clinicopathological characteristics of cryptococcosis, including mainly pneumonia, meningitis, and infiltration of bone marrow, have been reported, 10, 11, 13 those of cryptococcal lymphadenitis are not well known. In addition, the development of cryptococcal lymphadenitis in human T-cell leukemia virus type-1 (HTLV-1) carriers has not been reported. We herein report three patients with cryptococcal lymphadenitis, including an HTLV-1 carrier and two HIV carriers, and summarize the clinicopathological features of cryptococcal lymphadenitis by reviewing previously reported cases. Cryptococcosis is an invasive fungal infection in immunocompromised patients. The clinicopathological characteristics of cryptococcal lymphadenitis are not well known. We analyzed three cases of cryptococcal lymphadenitis and compared their characteristics with those in previous reports. Two patients were human immunodeficiency virus (HIV) carriers, and one patient was a human T-cell leukemia virus type-1 (HTLV-1) carrier. The age of the HTLV-1 carrier with cryptococcosis was much higher than that of the HIV-1 carriers. CD4-positive cell counts in peripheral blood were 5.8/µL (Case 1) and 79.9/µL (Case 2) in the HIV carriers and 3285/µL in the HTLV-1 carrier (Case 3). According to flow cytometric analysis of the lymph nodes of Cases 1, 2, and 3, 50.0%, 87.1%, and 85.9%, respectively, of the T-cells were CD3; 9.8%, 16.3%, and 75.8%, respectively, were CD4; and 35.5%, 77.3%, and 10.2%, respectively, were CD8. Cryptococcus neoformans was detected in tissue culture in all patients. Although gelatinous lesions and numerous fungal cocci were observed in the two HIV patients, the 2015. Experienced pathologists (H.M. and K.O.) retrospectively reviewed the histologic features and we collected the clinical information. This study was conducted in accordance with the Helsinki Declaration and was approved by the ethics review committee of Kurume University.
MATERIALS AND METHODS

Patients
Histopathology and flow cytometry
Lymph node biopsies were performed in all three patients after lymphadenopathies were identified on computed tomography (CT). Sections from formalin-fixed, paraffin-embedded blocks were stained with hematoxylin and eosin and Grocott's silver staining.
Peripheral blood samples were collected at the initial diagnosis. Flow cytometry (FCM) was used to analyze unprocessed peripheral blood and lymph node samples for CD4+ cell counts according to the institutional procedures. [14] [15] [16] [17] [18] 
Identification of cryptococcal organisms.
To identify the type of cryptococcal organism, lymph node fungal culture was performed.
RESULTS
Clinical characteristics
The clinical characteristics of the three patients are shown in Table 1 . Of the three patients, two were HIV carriers (Cases 1 and 2), and one was an HTLV-1 carrier (Case 3). Both HIV carriers had a high fever at the diagnosis. All three patients had elevated serum β-D glucan levels. CT showed multiple lymphadenopathies in all three patients. However, no lesions other than lymphadenopathy were detected in all cases. The CD4+ cell counts of the two HIV carriers were 5.8/µL (Case 1) and 79.9/µL (Case 2), and that of the HTLV-1 carrier (Case 3) was 3285/µL. The respective percentages of T-cells and B-cells in the lymph nodes according to the FCM analysis are shown in Table 2 . The percentages of CD3-positive cells were 50.0% (Case 1), 87.1% (Case 2), and 85.9% (Case 3). The percentages of CD4positive cells were 9.8% (Case 1), 16 .3% (Case 2), and 75.8% (Case 3). The percentages of CD8-positive cells were 35.5% (Case 1), 77.3% (Case 2), and 10.2% (Case 3). The percentages of CD20-positive cells were 35.9% (Case 1), 15.8% (Case 2), and 14.4% (Case 3). Evidence of C. neoformans was present in the tissue cultures of the lymph nodes in all three patients.
Pathological features
Pathological findings and images are shown in Table 2 and Figure 1 . In the HIV carriers, although the gelatinous lesion was well formed and there were numerous fungal loads in the gelatinous areas, the granuloma formation and giant cells were small. However, both gelatinous formation and granuloma formation were partially observed in the lymph node, and giant cells were also observed, in the HTLV-1 carrier. In addition, necrotic lesions were observed in all cases. With Grocott's silver stain, numerous fungal cocci were observed in the gelatinous area in the HIVpositive patients, while a small amount of fungal cocci were observed in a focal area in the HTLV-1-positive patient.
DISCUSSION
The clinical backgrounds and pathological features of the three patients with cryptococcal lymphadenitis that we described differed slightly between the HIV carriers and HTLV-1 carrier. Strongyloidiasis, tuberculosis, and leprosy are well-recognized infection complications of chronic HTLV-1 infection (HTLV-1 carriers); 19 they are associated with the immunodeficiency caused by chronic HTLV-1 infection. [20] [21] [22] [23] [24] [25] [26] [27] Table 2 . Flow cytometric analysis and pathological findings of lymph nodes HPF: High Power Field cryptococcal infection. However, the incidence of cryptococcosis has decreased since the availability of effective antiretroviral treatment. 28, 29 On the other hand, to our best knowledge, the present report is the first report of cryptococcal lymphadenitis in an HTLV-1 carrier. Cryptococcal lymphadenitis is clinically associated with an immunocompromised status as well as other cryptococcal infections. Similar to previous reports, the CD4+ cell counts of the two patients with HIV infection were < 100/µL. 1, 30, 31 Cryptococcal-specific CD4+ T-cell responses are reportedly associated with the development and disease severity of cryptococcosis. 32 In addition, decreased CD4+ T-cell counts are considered to induce depressed cell-mediated immunity for cryptococcal antigen. 32, 33 HTLV-1, in addition to HIV, infects CD4+ cells, resulting in the development of adult T-cell leukemia/lymphoma (ATLL) in some carriers. 34 Despite an increased CD4-positive cell count, the counts of normal CD4+ cells are decreased. According to the FCM analysis of the lymph node, the proportion of CD4+ cells was also lower in the present study. It might be necessary to consider not only the development of ATLL but also the onset of cryptococcal lymphadenitis when diagnosing lymphadenopathy in HTLV-1 carrier patients.
The pathological findings showed the association between the normal CD4+ cell count and granuloma formation in the present study. A previous study also reported that the histology of cryptococcal lymphadenitis showed necrotizing granulomas, as in the present patients. 9 However, the granulomatous reaction and inflammatory response to a cryptococcal infection was very slight in the HTLV-1 carrier, unlike the HIV-1 carriers. In contrast, a giant cell reaction was observed in the HTLV-1 carrier, similar to that observed previously with cryptococcal lymphadenitis. 3, 9 Therefore, the clues for the diagnosis of cryptococcal lymphadenitis might be necrotizing granulomatous formation, gelatinous formation, and giant cell reaction. Table 3 summarizes the clinicopathological features of previously reported cases with cryptococcal lymphadenitis. [4] [5] [6] 9, 35 Of the 19 cases for which the clinicopathological findings of cryptococcal lymphadenitis were reported, there were 13 immunocompromised patients (10 patients with, 2 patients post-kidney transplantation, and 1 patient with systemic lupus erythematosus) and 5 patients who were not immunocompromised. However, cryptococcal lymphadenitis in an HTLV-1 carrier was not reported. Based on the histopathological findings, granuloma formation, epithelioid In Cases 1 and 2, although gelatinous lesions were well formed and numerous fungal loads were diffusely observed in the gelatinous areas, the granuloma formation and proportion of giant cells were small (a, b, d,  e ). However, both gelatinous formation and granuloma formation were partially observed in the lymph node in Case 3 (g, h) . Giant cells were observed in the HTLV -1 carrier (g, h) . Necrotic lesions were observed in all cases (a, b, d, e ). With Grocott's silver stain, numerous fungal cocci were observed in the gelatinous area in Cases 1 and 2 (c, f) , while only few fungal cocci were observed in the focal area in Case 3 (i). cells, and necrotic portions were common in most cases, while gelatinous lesions and fibrosis were not observed. The number of fungal cocci per high power field in microscopy varied for each case. Tuberculous lymphadenitis also reportedly shows granuloma formation with a necrotic lesion. 36 These results may suggest that epithelioid granuloma with necrotic tissue could indicate a diagnosis of cryptococcal lymphadenitis as well as tuberculous lymphadenitis.
In addition, the age of the HTLV-1 carrier with cryptococcosis was considerably higher than that of the HIV-1 carriers (Table 3 ). It is thought that immune aging might be one of the causes of cryptococcosis including cryptococcal lymphadenitis; the frequency of cryptococcosis may increase with increase in the long-term survival rate of HTLV-1 carriers.
In conclusion, based on the present patients, cryptococcal lymphadenitis might be associated with HIV infection and decreased CD4+ cell count, as previously suggested. In addition, it might be necessary to consider the possibility of the presence of cryptococcus lymphadenitis in HTLV-1 carriers and patients with a history of administration of immunosuppressive agents and/or anti-cancer agents, who have impaired normal CD4+ cells. On pathological images, epithelioid granuloma with necrotic tissue could suggest cryptococcal lymphadenitis. 
